associated with high daily dosages and long-term therapy 14, 15 but does not increase mortality in patients with heart failure and ischemic heart disease. 16, 17 Efforts to reduce the adverse event rate by using low-dose amiodarone (Յ400 mg/d after adequate loading) suggest that they still may occur. Short-term therapy, however, may be more effective in reducing the occurrence of adverse events. 18 The present randomized, prospective study compares the effects of episodic amiodarone treatment vs continuous amiodarone treatment, first, on major events related to amiodarone use and the underlying heart disease and, second, on allcause mortality and cardiovascular hospitalizations. It is our hypothesis that eposidic treatment peri-cardioversion is associated with a lower adverse event rate than continuous treatment while atrial fibrillation is still effectively suppressed.
METHODS

Study Design
Seven centers in the Netherlands participated in the study. The institutional review boards at each institution approved the study protocol, and all patients gave written informed consent. The study was conducted from December 2002 until March 2007. Mean follow-up was 1.5 years with a maximum of 2.5 years. Enrollment is shown in FIGURE 1.
Patients were included if they experienced recurrence of symptomatic persistent atrial fibrillation or atrial flutter with a duration of less than a year, a heart rate of more than 75/min, and if they were taking oral anticoagulation therapy for at least 2 weeks. This guarantees at least 6 weeks of anticoagulation therapy, as patients are loaded with amiodarone 4 weeks before electrical cardioversion ( Figure 1 ). Patients were deemed to be symptomatic if they reported such events as palpitations, dyspnea, and fatigue due to atrial fibrillation or atrial flutter, which was defined as non-self-terminating atrial fibrillation or atrial flutter requiring electrical cardioversion to obtain sinus rhythm. Excluded were patients with more than 3 relapses of persistent atrial fibrillation during the last 3 years, amiodarone use in preceding 3 months, history of relapse of atrial fibrillation under adequate (desethyl) amiodarone levels, New York Heart Association class III or IV heart failure, contraindications for amiodarone, history of thyroid dysfunction, concomitant treatment with class I or III antiarrhythmic drugs, known sick sinus syndrome, second-or thirddegree atrioventricular block, or a pacemaker. Patients were seen at the outpatient department at inclusion, after 2 weeks of amiodarone loading, and at 1, 4, 8, 12, 16, 20 , and 24 months after randomization. At screening, hemoglobin, sodium and potassium serum levels, renal function, liver functions, thyroid functions, and glucose levels were measured. Furthermore, a chest x-ray and a transthoracic echocardiogram were done. After 2 weeks of amiodarone loading, an electrocardiogram and a 24-hour Holter monitor were obtained to assess rate control. Rate control medication was halved if deemed necessary. At each visit, complaints were recorded, physical examination was performed, a 12-lead electrocardiogram was recorded, and blood samples were taken for laboratory test results. (Desethyl)amiodarone serum levels were assessed at each follow-up visit. Chest x-rays were repeated every 8 months. All amiodarone or underlying heart disease-related major events were recorded as an end point on a special form. After documentation of a (nonfatal) end point, follow-up was continued to document additional end points.
After taking 600 mg of amiodarone daily for the 4-week loading period, patients underwent an electrical cardioversion if they had not already converted chemically to sinus rhythm ( Figure 1 ). The protocol for electrical cardioversion was described previously. 19 In short, patients underwent an electrical cardioversion under general anesthesia and all shocks were applied to the chest in an anterior-lateral paddle configuration. Immediate outcome of the shock was monitored by Amiodarone was discontinued in the episodic treatment group 4 weeks after randomization and was restarted a month before and continued a month after cardioversion if atrial fibrillation had relapsed. Amiodarone treatment was maintained for those in the continuous treatment group. Patients experiencing recurrence in either group were reloaded with 600 mg of amiodarone daily for 4 weeks if the sum of their amiodarone and desethylamiodarone serum levels was lower than 1 mg/L or for 2 weeks if the sum was lower than 2 mg/L. Patients in both groups were subsequently scheduled for an electrical cardioversion. In case the sum of the levels was more than 2 mg/L, which are considered to be adequate (desethyl)amiodarone serum levels, sinus rhythm was no longer pursued and atrial fibrillation was accepted (ie, permanent atrial fibrillation), unless recurrences under adequate serum levels occurred after 6 months or more of maintained sinus rhythm. In that case, electrical recardioversion was deemed to be reasonable. Otherwise, amiodarone therapy was discontinued permanently and rate control was instituted if needed. During reloading with a higher daily amiodarone dose, rate control medication was lowered if needed. Patients were followed up until study completion. All patients were taking oral anticoagulation (acenocoumarol or fenprocoumon, target international normalized ratio [INR], 2.5 to 3.5) continuously. Careful surveillance was maintained because amiodarone is known to reinforce the anticoagulant effect of acenocoumarol and fenprocoumon. 1 The thrombosis service was notified when the patient was included in this study. Furthermore, patients were instructed to notify the thrombosis service if there was a change in daily amiodarone dose so that their dosage of oral anticoagulation could be adapted accordingly to ensure adequate anticoagulation.
End Points
Primary End Point. Primary end point consisted of amiodarone and underlying heart disease-related major adverse events. The major events that were associated with amiodarone included cardiovascular effects; hyperthyroidism and hypothyroidism; pulmonary and hepatic toxicity; and dermatological, ophthalmologic, neurological, and gastrointestinal tract effects. Cardiovascular effects were defined as symptomatic sinus bradycardia with a heart rate lower than 40/min, sinus arrest longer than 4 seconds, atrioventricular conduction disturbances necessitating pacemaker implantation, or ventricular proarrhythmia. Thyroid dysfunction could be clinical, biochemical, or both. Biochemical hyperthyroidism was defined as thyroid-stimulating hormone (TSH) levels 50% below the lower limit and free thyroxine (FT 4 ) and free triiodothyronine (FT 3 ) levels higher than the normal ranges. Biochemical hypothyroidism was defined as a repeated elevated TSH of 50% higher than the upper limit and decreasing FT 4 and FT 3 or elevated TSH in presence of complaints due to hypothyroidism, which had to be confirmed by an endocrinologist. Pulmonary toxicity was defined by respiratory symptoms and if new chest x-ray findings were confirmed by a pneumonologist. Hepatic toxicity was defined as a 3-fold elevation in hepatic transaminases from the normal value range. Nonphotosensitive rash and bluish discoloration confirmed by a dermatologist were defined as dermatological adverse events. Uncomplicated photosensitivity was not an end point event. Blurred or nocturnal halo vision or other visual complaints confirmed by an ophthalmologist were defined as ophthalmologic adverse events. Tremor, ataxia, or gait disturbance; numbness or tingling; and severe insomnia confirmed by a neurologist were defined as neurological adverse events. Gastrointestinal events included severe nausea, vomiting, diarrhea, or constipation.
Underlying heart disease-related major events were defined as heart failure, thromboembolic complications, bleeding, myocardial ischemia or infarction, and death. Heart failure was defined as an episode of right or left ventricular failure necessitating hospitalization. Thromboembolic complications included stroke, transient ischemic attack, and peripheral or pulmonary embolism. Cerebrovascular events had to be diagnosed by a neurologist, and the cause was determined with the use of computed tomography. Peripheral thromboembolism had to be confirmed by a surgeon; pulmonary embolism, by a pneumonologist. Bleeding was recorded as an end point if the hemoglobin value decreased by more than 2 g/L, if blood transfusion or hospitalization was necessary, if it was a retroperitoneal or intracranial hemorrhage, or if the bleeding was fatal. Myocardial ischemia was defined as unstable angina pectoris, angina necessitating intervention, or a positive exercise test result or reversible perfusion defect on myocardial scintigraphy.
Secondary End Point. Secondary end points were defined as all-cause mortality and cardiovascular hospitalizations including hospitalizations for electrical cardioversion, atrial fibrillation, and underlying heart disease-related and amiodarone-related major events.
A committee of experts who were unaware of the treatment assignments adjudicated all possible end points and classified the end points as amiodarone or underlying heart disease related. This was done to prevent bias in the adjudication.
Statistical Analysis
The primary objective was to test our hypothesis that compared with continuous amiodarone treatment, episodic treatment is related to lower amiodarone-and underlying heart diseaserelated major events. In the literature a wide range of the incidence of low-dose amiodarone-induced adverse events in patients with atrial arrhythmias are reported. In general, an incidence of 5% to 25% is seen. 18, 20 At the end of follow-up in our study, we assumed an incidence rate of amiodarone and underlying heart diseaserelated major adverse events to be 18% in the episodic treatment group and 38% in the continuous treatment group. To reach statistical significance with a power of 80% and an ␣ of .05 (2-sided), 192 evaluable patients were assessed to be needed. We aimed to include 220 patients to account for withdrawal during the loading phase (before randomization) and unsuccessful electrical cardioversions.
Our secondary objective investigated differences in the occurrence of accepted atrial fibrillation (ie, permanent atrial fibrillation) between both groups. In addition, we compared allcause mortality and cardiovascular hospitalizations including amiodarone-and cardioversion-related hospitalizations. In total 5 patients were lost to follow-up immediately after randomization. These 5 patients were therefore excluded from the analysis (Figure 1 ). Baseline descriptive statistics are presented as the mean (SD) or median (range) for continuous variables, and numbers with percentages for categorical variables. The patient characteristics at baseline and during follow-up were compared with 2 and t tests. For all time-to-event analyses, Kaplan-Meier estimates were used and were compared by the log-rank test. Hazard ratios were calculated in order to assess whether the predefined studyrelated morbidity reduction of about 50% was accomplished. The number of and incidence rates per 100 personyears of the primary end point (firstoccurring end point in a patient) were calculated. Furthermore, the number of first-occurring secondary end points was calculated. All analyses were based on the intention-to-treat principle. A P value Ͻ.05 was considered statistically significant. The statistical analyses were carried out using the statistical program SPSS, version 14.0 (SPSS Inc, Chicago, Illinois).
RESULTS
Patient Characteristics
A total of 209 patients were eligible for analysis: 103 in the continuous amiodarone treatment group and 106 in the episodic treatment group (TABLE 1). The characteristics of the patients were typical of a population of patients with persistent atrial fibrillation.
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Treatment
The median follow-up was 2.1 years (range, 0.4-2.5 years). The median cumulative dose of amiodarone in the episodic group was 48 g (range, 16 -178 g) vs 123 g (range, 19-203 g) in the continuous treatment group (P Ͻ .001). During follow-up, the sum serum levels of amiodarone and desethylamiodarone were significantly higher in the continuous group. Figure 2 ).
The majority of major amiodaronerelated events were thyroid dysfunction (55% of all events in the episodic treatment group and 40% in the continuous treatment group), occurring at comparable rates in both groups. All patients with cardiovascular complications had bradyarrhythmias, necessitating pacemaker implantation in the majority of patients (8 out of 10). No torsades de pointes were documented. Pulmonary toxicity was only seen twice in the continuous treatment group, after a relatively high cumulative amiodarone dose and with a fatal outcome in one patient.
In 2 out of 4 patients in the episodic treatment group who were hospitalized for heart failure, atrial fibrillation was present at the time of event, and 3 out of 4 had discontinued amiodarone prior to this event. All patients experiencing bleeding were taking oral anticoagulant therapy. In 3, the INR nearest to the moment of the event was more than 3.5. Thromboembolic complications were only seen in the episodic treatment group, while receiving inadequate anticoagulation therapy (INR Ͻ2) and in persistent sinus rhythm. In both treatment strategies, 3 patients died, 1 due to sudden unwitnessed cardiac death in each treatment strategy. Both had discontinued amiodarone treatment for more than 3 months. The other patients died from noncardiac causes (pneumonia, pancreatic cancer, bladder cancer, and ruptured aortic aneurysm).
Currently, because many patients with atrial flutter are treated with ablation, we also performed the primary end point analysis after excluding the 9 patients with atrial flutter. This did not change the outcome of the primary end point (data not shown).
All-Cause Mortality and Cardiovascular Hospitalizations
A total of 91 patients-56 (53%) in the episodic vs 35 (34%) in the continuous treatment group-encountered a secondary end point, including 2 mortalities in both treatment groups (P=.02, TABLE 4, Figure 2 ). There was a trend for more electrical cardioversions in the episodic group than in the continous treatment group (34 [32%] vs 22 [21%]; 95% CI, 10.7; −3.3 to 24.7, respectively). When we compare hospitalizations without hospitalizations for rhythm control, ie, electrical cardioversions, the difference between both treatment strategies is 22 (21%) vs 13 (12%) (P=.08).
Discontinuation of Amiodarone Therapy
Amiodarone was discontinued in 96 patients (91%) in the episodic vs 43 
COMMENT
This study shows that episodic amiodarone treatment-in contrast to our expectations-has no clinical advantage over continuous treatment because it did not lower morbidity in patients with persistent atrial fibrillation over 2 years of follow-up. In addition, episodic treatment is associated with more frequent recurrences of atrial fibrillation and cardioversion procedures, more patients with multiple recurrences, and a lower rate of chronic sinus rhythm at 2 years. In the episodic treatment group, there Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; CHADS2, congestive heart failure, hypertension, age more than 75 years, diabetes mellitus, and stroke; NYHA, New York Heart Association. a Patients may have had more than 1 underlying disease or had been receiving more than 1 heart disease medication at screening.
was a decreased incidence of amiodarone-related events and an increased incidence of underlying heart diseaserelated events; while these differences were not statistically significant, this study was underpowered to make this determination. In addition, patients in the episodic group had a significantly higher rate of all-cause mortality and cardiovascular hospitalizations than those in the continuous treatment group. Considering the above, episodic amiodarone treatment cannot be advocated for most patients with persistent atrial fibrillation.
The lack of usefulness of episodic compared with continuous amiodarone treatment may be explained, in part, by the fact that the majority of events were thyroid dysfunction occurring at comparable rates in both groups. Other studies have shown a similar incidence of thyroid dysfunction. 20, 22 Another factor that may have contributed to the observed results is the higher, unforeseen, amiodaronerelated cardiovascular complication rate in the episodic treatment group. These patients underwent more electrical cardioversions, facilitating recognition of significant bradycardia and, hence, pacemaker implantations. Most pacemakers in the study were indeed implanted after sinus arrests had been seen after cardioversion. The association between amiodarone dose and the rate of pacemaker implantation in patients with atrial fibrillation was previously investigated by Essebag et al. 23 The incidence rate of pacemaker implantation was 2.2% per person-year and occurred more often early after start of therapy, at the moment of high daily dosages during the loading phase: 5.2% per person-year during the first 90 days of amiodarone treatment. In our study, patients in the episodic treatment group had more recurrences of atrial fibrillation and were often reloaded with high daily dosages of amiodarone before an electrical cardioversion because of inadequate (desethyl)amiodarone serum levels.
Apart from the higher than expected amiodarone-related morbidity, cardiovascular morbidity (other than Underlying heart disease-related major events 
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©2008 American Medical Association. All rights reserved. bradycardias) was more frequent than anticipated with episodic vs the continuous treatment group. These major events consisted mainly of heart failure, major bleeding, ischemia, and thromboembolic complications. Heart failure hospitalization occurred in 50% of the patients in the presence of atrial fibrillation. A higher heart rate during a relapse of atrial fibrillation after discontinuation of amiodarone therapy may have contributed to this difference. Amiodarone is known to lower heart rate during atrial fibrillation. Alternatively, heart failure may have been ischemia induced, even though only 1 patient out of 4 with a hospital admission for heart failure was known to have a history of coronary artery disease. It is well known that amiodarone has antiischemic properties. Also more bleeding was seen in the episodic treatment group. Almost all occurred while receiving adequate anticoagulation therapy. Nevertheless, amiodarone is known to increase serum levels of anticoagulants. Although patients were carefully surveyed through the thrombosis service, especially when discontinuing or restarting amiodarone, this episodic treatment strategy may have induced significant INR instability compared with continuous amiodarone treatment.
Continuous treatment tended to be more effective in preventing accepted atrial fibrillation after 2 years of followup. This difference can possibly be attributed to more electrical cardioversions in the episodic treatment group and the unwillingness of patients to undergo any more electrical cardioversions. In the continuous treatment group, most patients were taking amiodarone at the time of a recurrence of atrial fibrillation.
We used amiodarone and desethylamiodarone serum levels to differentiate between effective and ineffective amiodarone dosages at the moment of a relapse. Indeed, the relationship between serum concentrations of amio- 100  0  600  500  400  300  200  700   96  106  61  72  77  81  87  52  88  103  54  65  71  76  80  51 Time, d
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Cumulative Proportion Event-Free Log-rank P >.99 25, 26 whereas others found a clear concentration-related effect of amiodarone on QT-interval prolongation, slowing of heart rate, and suppression of ventricular arrhythmias. 27, 28 We previously showed that for conversion of atrial fibrillation, serum concentrations of desethylamiodarone were more important than those of the parent compound. In contrast, reduction of the ventricular rate during atrial fibrillation was correlated with serum levels of amiodarone itself. 28 The rate of maintained sinus rhythm in the continuous treatment group is consistent with figures from previous studies of continuous amiodarone treatment. 10, 11 Is there still a role for amiodarone prophylaxis in atrial fibrillation and should it always be administered continuously? To start with, patient preference together with the evidencebased physician's opinion should play a role in choosing any treatment strategy. Rhythm control is the most frequent strategy in patients with symptomatic atrial fibrillation. Pharmacological rhythm control is the first choice, but atrial catheter ablation may be performed after failure of only 1 antiarrhythmic drug. 29 Clearly, this does not apply to all patients. Atrial catheter ablation is most effective for paroxysmal atrial fibrillation and less effective for persistent atrial fibrillation, especially in the setting of underlying diseases. Furthermore, atrial ablation may cause adverse events in as many as 6% of patients, 30 which may cause patients to refrain from selecting this therapy. Alternatively, amiodarone may be instituted after failure of other antiarrhythmic drugs. On the basis of the primary outcome of this study, physicians should not advise episodic amiodarone treatment as a first option because not only more frequent electrical cardioversions are a problem but also underlying heart disease-related events occur more frequently while the risk for amiodarone-related adverse events may not be less. In clinical practice, however, patients may choose episodic treatment because it potentially produces fewer amiodarone-related adverse events, while expecting fewer underlying disease-related events and accepting that more frequent admissions for electrical cardioversion are needed. This may hold for younger patients with less severe underlying disease. Thus, for clinical decision making, balancing the positive and negative aspects of each strategy should be done on an individual basis and should include patient preference.
There are several limitations to this study. The study was relatively small and follow-up was fairly short. Therefore, the present data should be regarded as a preliminary contribution. Clearly, more study on this issue is needed. A longer follow-up period might have exposed a higher rate of amiodarone-related events as well as a further decrease in maintenance of sinus rhythm. More amiodaronerelated events could hold especially true for those in the continuous treatment group, which may be counterbalanced by a greater rate of heart diseaserelated events in the episodic treatment group. The study was unblinded. The primary end point consists of outcomes with widely varying clinical importance. Weighting of the end points was done by the secondary end point that investigated cardiovascular end points necessitating hospitalization, even though our study was not specifically designed for this purpose. Clearly, this secondary end point analysis might have favored continuous treatment.
In conclusion, in this study population, there was no difference in the composite of amiodarone and major cardiac adverse events between groups assigned to either episodic or continuous amiodarone treatment. However, patients in the episodic treatment group had a significantly increased rate of atrial fibrillation recurrence and a significantly higher rate of all-cause mortality and cardiovascular hospitalizations. 
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